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Clutch size in this group is usually less than four eggs, and this may be related to the extensive parental care (Maclean 1972 ). Egg-size ordering within a clutch is undocumented in oystercatchers, but it might be expected to occur in them rather than in shorebirds that do not feed their young. This is because, through preferential feeding, oystercatcher parents have a greater potential for "control" over which of their chicks survive (Alexander 1974 ). This potential control might be extended to the eggs, particularly if food is limiting or variable (Howe 1976) , if preferential feeding is impractical, and if the probability of raising all chicks is dependent on the food supply.
The purpose of this paper is to document variations in clutch size and egg size in American Oystercatchers (Haematopus palliatus) and to elucidate seasonal and annual patterns in the timing of egg laying. By comparing individually known females over several breeding seasons, we have attempted to gauge repeatability measures (Falconer 1981 ) of these characteristics, as well as the effect of female size. Statistical analysis.-The clearest method for detecting the effects of the female, clutch sequence, and year on egg size is to look at the effects of each factor in two two-way designs (Sokal and Rohlf 1981). We tested for the effects by using a mixed-model, twoway analysis of variance (ANOVA) with females as a random factor, and assumed no interaction between females and the fixed factor (e.g. year or clutch sequence). We then estimated the variation attributable to females and to the fixed factor and the significance levels of the two factors by using the interaction term as the error term. We used mean values to avoid the confounding effects of different cell sizes produced by differently sized clutches. When using year as the main effect, we examined only first clutches to avoid any confounding of clutch sequence in the design. In the comparison of means, we used t-tests on every pair of means, while controlling the experiment-wise error rate by lowering the value of a to a/n where n is the number of paired comparisons made.
To test for differences in egg size across years, across clutches within a year, and within differently sized clutches we used a one-way analysis of variance. We also tested for differences in egg size as a result of egg order by means of a one-way analysis of variance.
The ratio of the between-individual component of variance to the total variance measures the correlation between repeated measurements of the same individual and is known as the repeatability of a character (Falconer 1981) . Heritability, the resemblance between relatives, may be much less than repeatability, but it cannot be greater (Falconer 1981) . The within-individual component arises from environmental fluctuations between successive measures and the systematic effects of age. The between-individual component comprises both permanent environmental effects and a genetic component (Findlay and Cooke 1982) . We calculated repeatability measures by using the results of a one-way analysis of variance applied to (1) egg size among females across years, (2) egg size among females across clutches within a year, and (3) date of first clutch initiation across years.
A three-way contingency table was constructed to observe the pattern of egg-size ordering in successive years. The table was analyzed using log-linear models after the example of Fienberg (1970) and Bishop et al. (1975) . In addition to testing the assumption of mutual independence, which characterizes classical contingency analyses, the techniques of Fienberg can be used to calculate the frequencies of events that would be expected under all possible conditions of dependence (interaction) between two or more classifying variables. Goodness-of-fit tests are then used to determine which of a series of hierarchical models that are based upon various assumptions of dependence best explain the observed frequencies of the event (Harder 1980) . If social stimulation tends to promote synchrony in the initiation of first clutches in neighbors, then females in a locality should tend to lay at more similar dates than females in different localities. One way to test for synchronization is to compare the variance of observed clutch-initiation dates of birds in one area (sf2) with the variance of observed clutchinitiation dates of all other birds (s22) and to compute the ratio of variances (s22/s12). We obtained 500 random partitions of the data into samples of size n, (the number of nests in the locality in question) and n2 (the number of total clutches initiated in a year -n,), computed the variance ratio for each, and then looked to see if our observed value fell in the upper 5% tail of the distribution of 500 empirically obtained ratios (Sokal and Rohlf 1981). breeding seasons. In 1983, the curve is flattened from an increase in the spread of clutchinitiation dates, and the mean date of first clutch initiation is slightly later. The 1983 field season was characterized by a cold, wet April, and this most likely caused the shift in clutch-initiation dates.
RESULTS

Clutch initiation.-American
The time of initiation of replacement clutches was related to the date on which the first clutch was lost. High spring tides during 24-26 April 1981 caused most nests to be lost, and a peak of renesting occurred from 12 to 18 May. In 1982, the spring tides occurred before the majority of females had laid and after eggs in the first clutch had hatched. In 1983, nests were lost to both spring tides and predation at about the same time. This pattern of nest loss resulted in a small second peak of laying from 5 to 12 May. The pairs represented by this peak lost their nests a second time to predation, all with- in 4 days, resulting in a third peak of laying in late May and early June (Fig. 2) . Approximately three quarters of the total variance in clutch-initiation dates was explained by the effects of female and year. About 59% of the variation in clutch-initiation dates was explained by variation between females (P < 0.001) and about 16% by variation between years (P < 0.001). The repeatability (ra) measure for date of clutch initiation for those females that laid in three consecutive years was high (total phenotypic variance = 97. When known females on a territory attained new mates (n = 4) in successive breeding seasons, they still tended to lay at about the same date as in the previous year. In the two instances when males retained their territories but acquired different mates in the subsequent breeding season, however, these new females laid 16 and 26 days later than the original residents. The proportion of three-egg clutches declined through the breeding season (Fig. 3) , but females laid three-egg clutches as late as 1 June in 1981 and 2 and 13 June in 1983 (Fig. 2) (Table 2 ). On average, the second egg laid was the largest (most voluminous) and the heaviest. The first and third eggs were about equal in volume. When we categorized the data according to clutch sequence, we obtained a similar result. In first clutches (a sample of mostly three-egg clutches), the second egg was larger and heavier than the first (P < 0.015) and heavier than the third (P < 0.015). The first and third eggs were of equal size, but the third egg was longer (P < 0.015). In second clutches (a sample of two-egg and three-egg clutches), the second egg was also the largest (P < 0.015).
Synchrony of clutch-initiation dates of first clutches (as defined by a significant S22/
We then categorized the data by the size of (Bishop et al. 1975) . the clutch. In three-egg clutches, the second egg was largest and heaviest and the first and third eggs were equal in size and weight (P < 0.015). The second egg was longer than the first (P < 0.004) and wider than the third (P < 0.011). In two-egg clutches, the second egg was largest (P < 0.02) and tended to be longer than the first (P < 0.07).
The pattern of egg-size ordering varied by year (Table 3 ). In 1982, the second egg was the same size as the first about half the time, and there was no significant difference in their volumes. The log-linear model (Fienberg 1970 ) that best fits the overall pattern of egg-size ordering by year indicates an interactive effect between year (Y) and egg-size order (E) and an independent effect of clutch size (C) ( Table 4) Table 3 . For a given model, variables that appear together within commas were assumed to be jointly dependent, but the effect of that interaction is independent of the other specified interactions or single factor effects.' pattern observed in other years, are greater in three-egg clutches of the year 1982 (Table 3) than those expected by chance (Bishop et al. 1975) . When the 1982 data for three-egg clutches with second eggs equal to or less than the volume of first eggs are removed and replaced with structural zeros (Bishop et al. 1975 ), the simple three-factor model of no interaction (Y,C,E) becomes sufficient (P > 0.05) to explain the data. The proportion of clutches with no apparent egg-size ordering was considerably higher in 1982 than in any other year.
Model
Average egg volume did not differ between clutches of two and three eggs (Table 5 ). In a comparison of egg size in first and second clutches laid by the same female, volume, breadth, and weight were significantly lower in second clutches than in first, and most of the total variation was attributable to differences among females (Table 6) Mean egg volume for each female was plot- About 55% of the variation in egg size over the three years, 1981-1983, was attributable to differences among females rather than differences among years (Table 6 ). There was no indication of a difference in egg size in any of the six years of the study (P > 0.05, one-way ANOVA with full data set). Females for which we have data for 3-6 years appear to lay eggs of about the same average volume; there is no apparent change as a result of increasing age.
Repeatability estimates of egg characteristics over several years were available for 24 females (Table 7A ). About 35% of the total phenotypic variance in egg volume in first clutches arises from differences between individuals. The remainder reflects intraindividual variation in response to fluctuating environmental conditions. Within a single season, between 29 and 66% of the total phenotypic variance arises from differences between females (Table 7B) Whether one uses body weight or the GM of body measurements, it is apparent that larger females tend to lay more voluminous eggs than do smaller ones, although clearly female size was not the only factor affecting egg size in our study. Similar analyses of male measurements and weights revealed no influences of male size on egg size.
